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There has been reported in the literature a number of attempts to observe in vitro the respiration of virus preparations in an effort to detect direct evidence of a valid metabolic activity. EATON (10) studied manometrically the respiration of cultures of Staphylococcus lysed by bacteriophage and found a detectable amount of oxygen absorption and carbon dioxide production. On the other hand, BRONFENBRENNER (2, 3) BRONFENBRENNER and REICHERT (4), BACHMANN and WOHFIEL (1) , WOHFIEL (19) , PARKER and SMYTHE (15) , and WYND and BRONFENBRENNER (21), using several types of extraordinarily sensitive procedures, were unable to observe any evidence of a respiratory metabolism by preparations of bacteriophage. PnIRI and HOLMES (16) reported that Agalactia virus absorbed large amounts of oxygen when suspended in a saline solution containing lactate, and these authors believed, therefore, that virus particles were living organisms.
The respiratory rates of green plants infected with virus have also received a considerable amount of study. BUNZEL (5) remarked that sugar beets stunted by the Curly-top disease suffered from a "fever." Later (6) he stated that, a respiratory study of these "feverish " plants would be highly desirable in the effort to interpret the more exact nature of the disturbances which the disease produced. THUNG (18) reported that potatoes infected with leaf-roll eliminated more carbon dioxide than healthy tissue, although a study of his data shows that this was not always true. DUNLAP (9) studied the rates of carbon dioxide production of a number of species and found that the virus-affected plants exhibited an increased respiration in their younger tissues and a decreased rate in the older tissues. He observed the mosaic leaves of tobacco, tomato, pokeweed (Phytolacca decandra), cucumber, and raspberry, and yellows-affected leaves of peach, plum, aster, and ragweed (Ambrosia). The conclusions of DUNLAP (9) were criticized by CALDWELL (7) The present work oni the respiratory rates of healthy and iiiosaic-affected tobacco leaves was unidertaken in an effort to explain the conflicting data on the respiration rates of virus-inifected green planits, and to accumulate evidence oni the nature of the substancee responsible for the tobacco mosaic disease.
Procedure
Seeds of Burley tobacco were germiiinated in the greenhouse ancd transplanted into two-inch pots as sooln as the planits were large anough to handle. As growth progressed they were tranisplanted into four-ineh and finallv into eight-inch pots. A great maniy miiore plants were grown thani were needed for the experimental work in order that plants identical in appearance could be selected at the proper time. The plants were large enough for study by-the first of May, ninie weeks from the time of planting. When the plants had five well-developed leaves, the two lower leaves were removed. the lowest remaining leaf dsigniated as number 1, and the higher leaves numbered consecutively. Several new leaves appeared durinig the course of the observations, and they were designated by consecutively higher numbers as soon as they reached a size large enough to be included in the experimental material.
A virus preparation was made by grinding the upper leaves of severelv infected plants and squeezing the juice through cheesecloth. Inoculations were made by dipping a small pad of cheesecloth into this juice and gently rubbing the surface of the leaf. In all cases, only leaf 1 received the inoeulation. At intervals of two or three days, three conitrol plants and three inoculated plants were removed to the laboratory for study.
The rate of oxygen use was determined on a composite sample obtained by cutting, three discs from each leaf, equally numbered from each of the three plants. The data therefore represent the total oxygen use of nine discs, three from a leaf of comuparable age from each of three plants. The discs were eut by a sharp cork borer tenl millimeters in diameter. Their oxygen consumption was determined at 25°C. by the Barcroft differential manometers. Since the data of LEMMON show that healthy discs weighed only 85 per cent. as much as those of diseased tissue, it is seen that the present procedure of comparing tissue samples having aln equal area gives differences varying somewhat in magnitude from those which would have been obtained if equal weights had been used. Both of these methods of comparison are subject to error siniee neither the weight nor the area of tissue samples strictly represents the absolute amount of living protoplasm.
After the discs were removed from the leaf, the remain-ing tissue was finely ground in a mortar witli purified quartz sand anid the juice extracted by squeezing the pulp throughi several thieknesses of cheesecloth. Tests for the presence of the virus were iimade by the inoculation of young, tobacco plants with this juice. HOLMIES (11) has correctly pointed out that the inioculation of the press juice detects onily an inifectiouts coneenitration of PLANT PHIYSIOLOGY the virus, and not niecessarily its first appearance. Determiniatiolns of reducing sugar, invertase, oxygenase, peroxidase, and catalase were also malde oni each of these juice samples and these data have been reported in a previous paper (20) .
Experimental data
Examination of the data presented in table I shows the time necessary
for the appearance of infectivity in various leaves of the plant after the inoculation of the lower leaf (number 1). Leaf 1 was infectious from the beginning of the experiment, as could be expected, since it received the inoculation. The virus left on the surface from the inoculation itself couldl have caused infeetion in this instance. Leaves 2 and 3 became infectious on the fourteenth day, leaf 4 on the eighth day. Leaves 5 and 6
were not yet present when the inoculationi occurred, yet they appear to be amonig the A survey of the data shows the following relationships to exist. At the time the experiment was begun, there were three leaves large enough for study. On the second day after inoculationi of leaf 1 (the lower), none of the leaves showed any significant change in the rate of oxygen use as coinpared to the rates of leaves from normal plants. An This lessened rate could not have been due to a mere advance in maturity since leaf 6 also had a lessened rate even though it was the youngest leaf. Six manometers were available which permitted the comparison of only three sets of leaves. By the eleventh day, two additional leaves, niumbered 5 and 6 respectively, were large enough for study, and since the terminal part of the plant is apparently especially concerned with the productionl of virus, the observations on the originally terminal leaf 3 were discontinuedl in favor of leaf 6. Even before leaf 6 appeared, infected planlts exhibited a generally lessened respiration rate and this characteristic occurs froml the very beginning in the newly formed leaves. It is interesting to nlote that the rates of oxygen use by leaf 6 appear to fall on the latter part of the curve typical for the older leaves which were on the plant from the time of inoculation.
A comparison of respiratory rates presented in figure 1 with the dlata in The curves showing the amount of oxygen used in 60 minutes are probably the most authentic since the magnitude of the manometer reading was greater. This set of figures shows that the inoculated lower leaf regained an approximately normal rate of respiration after the eleventh day, even though it contained the active virus. Leaf 2, at about the same time, had assumed a rate less than normal. The study of leaf 3 was discontinued on the eighth day in favor of leaf 6, and this later leaf assumed a rate of respiration lower than any other. The magnitude of this decrease in rate is progressively greater in the younger leaves.
Discussion
It has been shown by HOLMES (11, 12, 13) and SAMUEL (17) and by the review by CRAFTS (8) that the virus spreads from the point of infection by a comparatively slow movement from cell to cell. After three or four days, the phloem is invaded and then in a remarkably short time the virus reaches other parts of the plant. It is this period of dispersal through the phloem tissue that seems to coincide with the sudden disturbance of the respiratory metabolism.
This disturbance preceded by about ten days the appearance of the virus in infectious concentration throughout the plant. Although the initial disturbance in metabolism occurred simultaneously in all leaves, the newly formed virus attained infectious concentration first in the upper leaves. These also are the leaves having the greater metabolic activity.
If the physiological disturbances indicated by the change in the rates of oxygen use were manifestations of the activity of the virus particles per se, then these changes should accompany the increase in the number of these particles. On the other hand, if the mosaic disease is caused by some chemical product of abnormal metabolism, which like the bacteriophage, could itself initiate a series of reactions which would produce new virus material during some subsequent process, one might then expect to detect a disturbed metabolism before 
